We present a solution to the problem of determining the electromagnetic fields scattered by a two-dimensional trough in a perfectly conducting ground plane. The solution uses the moment method applied to a recently-developed set of integral equations [l]. We compare the accuracy of this technique to the hybrid Finite Element Method/Boundary Integral (FEM/BI) method for the special case of a rectangular trough. We further show that this technique does not exhibit the spurious resonances which can afflict other integral equation based approaches.
Integral Equations
In [I] , integral equations for the time-harmonic electromagnetic scattering from an unfilled twodimensional trough in a ground plane are developed. The geometry is shown in Figure 1 , where U is the cavity aperture, S is the cavity surface, A is the 9" is the angle of the scattered wave. The fields and geometry do not vary with x. '&'he unknywn function in the integral equations is the electric current density J , = h x H on the cavity surface S . The integral equations follow.
T M , Polarization:
In the equations above, Jo = 22 x H sity on the unbroken ground plane, the Green's functions are given by is the "physical optics" current denis the incident magnetic field, and
where P i is the image of r" across the ground plane, H p ) is the Hankel function of the second kind of order zero, and k is the propagation constant of free space.
Once the current density j s is determined from either Equation (1) or (3), the far-zone scattered fields are given by the following "radiation integr als : " T,Wz Polarization:
where 2 is the impedance of free space.
Numerical Solution
The method of moments [3] is used to find an approximate solution to Equatic" (1) and (3). Pulse basis functions and delta testing functions are used to minimize the complexity of the matrix element computations. The method of moments results are compared to results from a hybrid FEM/BI technique [4] for the case of a 0.8X-by-1.2X rectangular trough. We use ten pulses per wavelength, resulting in a matrix of dimension 28. These results are shown in Figure 2 . It has been claimed [l] that the integral equations used here are uniquely solvable at all frequencies, although this claim had not been previously substantiated. This is an important issue for the following reason. Conventional integral equation based methods used to analyze a trough in a ground plane are based on the generalized network formulation [a] , in which the scattering domain is partitioned into an interior region (the trough) and an exterior region (the half space above the ground plane). An integral equation is written for each region separately, and the two integral equations are coupled by enforcing field continuity across the aperture. An unfortunate by-product of this partitioning scheme is the introduction of spurious resonances at frequencies corresponding to the cavity resonances of the interior region. At these frequencies, the generalized network formulation breaks down, and the resulting coupled integral equations are not uniquely solvable.
Monostatic Echo Width
We demonstrate that the integral equations (1) and (3) are uniquely solvable even at these resonant frequencies, for the case of a 0.8m-by-l.2m rectangular trough. The interior region is resonant at approximately 225 MHz, corresponding to the cutoff frequency of the TMll and TEll rectangular waveguide modes. Near this frequency, the condition number of the matrix for the interior region of the generalized network formulation becomes very high, as shown in Figure 3a . In contrast, the condition number for the matrix for the integral equations used here is very stable, as shown in Figure 3b . 
Conclusion
WE, have presented a technique based on the moment method applied to a set of integral equations for the problem of scattering from a two-dimensional trough in a ground plane. We have demonstrated the accuracy of the technique, and shown that it is immune to the problem of spurious resonances.
